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Abstract : Blood hemoglobin and serum ferritin analysis were used to identify the extent of anemia and iron 
deficiency anemia in Egypt. The study conducted in 2010/11, among 4526 households from eleven governorates 
and focus on four population groups: mothers (20 - 49.9 yr), children <5 yr (preschool children), children 5- 
<12 yr (schoolchildren), and adolescents (12-18 yr). The analysis was performed for hemoglobin Hb (18338 
subject) and serum ferritin ( 12293 subjects), and C-reactive protein ( CRP) was made for high ferritin sample. 
Median Hb values for mothers, adolescents, schoolchildren and preschool children were 12.0, 12.5, 11.9 and 
11.2 g/dl, respectively. The corresponding median ferritin values were 14.9, 15.9, 18.9 and 15.4 pg/l. Iron 
deficiency was more prevalent among whole sample than anemia (44.7% Vs. 39.1%). Cross tabulation for 
hemoglobin and ferritin, indicated thai iron deficiency anemia (IDA, low Hb and low ferritin) was recognized 
among 18.5% of whole sample population, with htgli prevalence for mothers (25.1%). Prevalence of iron 
deficiency wit font anemia (low ferritin with normal Hb) reach 26.0% in whole population, and adolescents 
showed highest prevalence (29.4%). Almost one-fifth (20.6%) of cases had high ferritin values but still anemic 
(low Hb) and CRP confirm presence of inflammation. 

Anemia and Iran Deficiency Anemia must always be taken into consideration for they have a clear impact on the 
patient \ quality of life and they can be the consequence of severe diseases. 
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I. INTRODUCTION 

Iron deficiency is one of the leading risk factors for disability and death worldwide, affecting an 
estimate of two billion people [1]. The high prevalence of iron deficiency in the developing world has 
substantial health and economic costs, including poor pregnancy outcome, impaired school performance, and 
decreased productivity [2]. Nutritional iron deficiency anemia IDA arises when physiological requirements 
cannot be met by iron absorption from diet. Low iron bioavailability in populations consuming monotonous 
plant-based diets is another dietary factor for IDA. Although iron deficiency is the most common cause of 
anemia, deficiencies of other micronutrients (such as folate and vitamin B12) and other factors (such as chronic 
infection and inflammation) can cause different forms of anemia or contribute to their severity. Because iron 
deficiency is often accompanied by deficiencies of other nutrients, the signs and symptoms of iron deficiency 
can be difficult to isolate [3]. 

The absence of iron stores (iron deficiency) can be diagnosed by showing that there is no stainable iron 
in the reticuloendothelial cells in bone marrow smears or, more easily, by a low concentration of ferritin in 
serum (<15mg/l). Even before iron stores are completely exhausted, the supply of iron to the erythrocyte 
precursors in the bone marrow is compromised, leading to iron deficient erythropoiesis [4]. A possible 
explanation is that the rate of release of iron from stores is influenced by the amount of iron remaining. It can 
then be assumed that the supply of iron to other tissues needing iron is also insufficient because the identical 
transport system is used. During the development of iron deficiency hemoglobin concentration, transferrin 
concentration, transferrin saturation, transferrin receptors in plasma, erythrocyte protoporphyrin, and erythrocyte 
indexes are changed. All these indicators, however, show a marked overlap between normal and iron deficient 
subjects, which makes it impossible to identify the single subject with mild iron deficiency by looking at any 
single one of these indicators [5]. 

Ferritin concentration together with that of hemosiderin reflects the body iron stores. They store iron in 
an insoluble form and are present primarily in the liver, spleen, and bone marrow [6]. The majority of iron is 
bound to the ubiquitous and highly conserved iron-binding protein, ferritin [7]. Hemosiderin is an iron storage 
complex that less readily releases iron for body needs. Under steady state conditions, serum ferritin 
concentrations correlate well with total body iron stores [8]. Thus, serum ferritin is the most convenient 
laboratory test to estimate iron stores. 
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Prevalence of anemia among population is commonly used through determination of hemoglobin (Hb) 
and the cut-off levels of Hb according to age, sex and physiological status has been set by WHO, 2001. The 
2004 joint WHO/CDC technical consultation supported the use of serum ferritin as an indicator of depleted iron 
stores and as an assessment of iron-intervention programmers [9]. However, because serum ferritin is an acute- 
phase reactant, there are challenges in the applicability of previously established cut-off values (12-15 |ig/L) for 
determining iron deficiency. In 2001, a proposal was made to increase the serum ferritin threshold to 30 |ig/l in 
the presence of infection [10]. However, as summarized in the 2004 consultation, there is a need to validate this 
threshold in all population groups. An increase in serum ferritin levels has previously been shown to parallel the 
rise in C-Rective Protein (CRP), particularly at the onset of infection or inflammation [11]. CRP levels initially 
rise rapidly, but quickly fall, even as ferritin levels remain elevated [12], [13]. Micronutrient deficiencies, 
especially anemia, were a public health problem in Egypt, where the prevalence of anemia reached 40% [14]. 
Determination of hemoglobin level was the criteria used by EDHS to identify the prevalence of anemia. It is 
important to identify iron store status beside hemoglobin values. Therefore, the objective of this study was to 
use both hemoglobin and serum ferritin to assess the extent of anemia and iron deficiency among Egyptian. 

II. METHODOLOGY 

Survey was conducted during year 2010 among four target population groups: women of reproductive 
age 20 - 49.9 yr (mothers); female and male age 12-19 yr (adolescents); children 5 - <12 yr (schoolchildren); 
children under 5 yr (preschool children). The target groups were covered from 4526 households (HH) obtained 
through a stratified community cluster sample (about 151 cluster 30 HH each) from eleven governorates 
representing six geographic regions: Urban governorates: Cairo; Costal governorates: Alexandria; Suez Canal 
governorates: Suez; Lower Egypt governorates: Kafr Elshaik; Sharkia; and Behaira; Upper Egypt governorates: 
Bani-suif; Aswan; and Kena and Frontier governorates: New Valley and North Sinai. Urban and rural areas 
from Lower & Upper regions were considered. 

The most recent census data was considered for the selection of villages/cities. The selection of HH in 
each cluster was randomly selected according to the presence of primary health care facility (PHC), and schools. 
The selection of HH was based on presence of mother and at least one child (<5yr child or schoolchild). 
Households' children 6-18yr were selected from the nearest schools (primary, intermediate & secondary 
schools). Approval of the research and ethical committees and the consent of HH guardian to collect blood 
sample were obtained. A venous blood sample of 5 ml was collected in heparinized tubes from the target 
individuals. Blood hemoglobin was immediately determined and the rest of the blood sample was centrifuged to 
obtain the plasma, divided into two aliquots in Eppendorf vials and stored at -20° C for determination of ferritin 
and C-reactive protein (CRP). Blood hemoglobin was determined using Cyanmethemoglobin method according 
to [15]. The quantitative determination of circulating plasma ferritin concentrations were assayed by a 
microplate immuno-enzymo metric assay using Accu Bind Kit according to the method of [16]. The quantitative 
determination of plasma (CRP) concentrations was done by a microplate immuno-enzymo me trie assay using 
Accu Bind Ellisa Microwells, according to [17]. C-reactive protein (CRP) was performed for the samples of 
high ferritin levels to identify infection and/or inflammation. 

The WHO cut-off level to identify anemia is 12 g/dl hemoglobin level for mothers and adolescents. 
Normal hemoglobin level for children 5-<12 years is 1 1.5 g/dl while that for children <5 years is 1 1 g/dl [1]. 

The cut-off point for ferritin, below which iron stores are considered to be depleted, is < 12 ug/L for <5 
years of age and <15 |ig/L for >5 years of age [1]. 

III. RESULTS & DISCUSSION 

Blood hemoglobin and serum ferritin biochemical analysis have been used in this study to identify the 
extent of anemia and iron deficiency anemia through cross tabulation analysis between hemoglobin and ferritin 
(iron store). The study focus on population groups most at risk for iron deficiency anemia: mothers (20 - 49.9 
yr), children <5 yr (preschool children), children 5-<12 yr (schoolchildren), and adolescents (12-18 yr). 

3.1 Hemoglobin analysis: 

Hemoglobin was determined among 18338 subjects, representing the four target groups. Median 
hemoglobin values (Table 1) were varied among groups (11.2 - 12.5 g/dl). This variation was expected, where 
hemoglobin is an iron-containing component of red blood cells that is needed for oxygen transport and its level 
in the blood depends on age, sex and physiological state. Identifying prevalence of anemia, WHO cutoffs levels 
of hemoglobin concentration below which anemia may be present were used for the four target groups (Table 
1). The prevalence of anemia among mothers was the highest (47.2%), followed by preschool children (39.6%), 
while other groups (schoolchildren and adolescents) recorded almost similar percentages (35.3% & 35.9%). The 
overall prevalence (39.1%) would classify anemia as significant public health problem among Egyptian 
population [18]. 
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The prevalence of anemia reported by EDHS of 2005, was 39.4% for ever-married women (age 15 to 
49 yr); 35.6% in never-married female youth (age 11 tol9 yr); and 48.5% in preschool children (age 6 to 59 
months). This mean that prevalence of anemia considerably increased among mothers in current study than in 
2005 (from 39.4% to 47.2%), the opposite picture was observed for young children (prevalence decreased from 
48.5% to 39.6%). However, anemia in adolescent remains the same as in 2005. 



Table (1): Median hemoglobin level and prevalence of anemia among population segments in 

Egypt- 

Target population Hemoglobin Anemic 



Mothers 


4526 


12.0 


2135 


47.2* 


Adolescents 


6816 








Schoolchildren 


2620 


11.9 


926 


35.3** 



Total 18338 7228 39.1 



Anemia as hemoglobin levels: * <12 g/dl; **<11.5 g/dl; *** <11 g/dl 
3.2 Ferritin analysis: 

Serum ferritin was performed for 12255 subjects and the median values (Table 2) for the target groups 
range between 14.9 ug/1 (mothers) and 18.9 ug/1 (schoolchildren). The ferritin level is the most specific 
biochemical test that correlates with relative total body iron stores. A low ferritin level reflects depleted iron 
stores and hence is a precondition for iron deficiency if there is no concurrent infection. Iron depletion (ferritin 
level <15ug/L) was recognized among 49.6% of mothers; 47.4% of adolescent and 38.2% in schoolchildren. 
Low iron level (ferritin <12ug/L) for preschool children accounted for 38.2%. 

When infection is present, the concentration of ferritin may increase even if iron stores are low; this 
means that it can be difficult to interpret the concentration of ferritin in situations in which infectious diseases 
are common. Therefore, CRP was determined for high serum ferritin samples. CRP analysis showed that a quite 
high percent of mothers (38.1%) had positive CRP value, while (19.1%) of adolescents had positive CRP value. 
CRP analysis showed that (24.1%) of schoolchildren and (25.1%) of preschool children had positive CRP 
values. 



Table (2): Median ferritin level and prevalence of iron depletion among population segments in 

Egypt- 



Target population 


Ferritin 




Iron depletion 








Mothers 


3037 14.9 


1511 


49.6* 


Schoolchildren 


1853 18.9 


707 


38.2* 


Total 


12293 


5491 


44.7 



Iron depleted as ferritin levels: * <15 ug/l; ** <12 ug/l 



3.3 Anemia and iron deficiency anemia: 

Iron deficiency has earned distinction as the most common nutritional deficiency in the world today. 
Because iron is important for blood formation, iron deficiency often leads to anemia, defined as a blood 
hemoglobin level below standard. [19] reported that the development of iron deficiency is characterized by 
sequential changes in the amount of iron in the various iron compartments of the body. In the first stage iron 
stores becomes depleted but there is enough iron to meet the needs of red cell production. When iron stores are 
exhausted, the amount of iron in the circulation starts to fall and red cell production becomes compromised (iron 
deficient erythropoiesis). In the final stage iron stores exhausted, the amount of iron in circulation was very low, 
red cell production drastically reduced and anemia developed. 
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Previous Tables (1 & 2) indicated that iron deficiency among almost all studied groups was more 
prevalent than anemia, and it was clearly shown for the whole sample being (44.7% Vs. 39.4%). Therefore, 
further analysis for hemoglobin/ferritin cross tabulation was made whereby the studied population can be 
divided into four groups depending on the presence or absence of anemia (as defined by hemoglobin level) and 
the presence or absence of iron deficiency (as indicated by iron stores). 

Hemoglobin/ferritin cross tabulation for the whole sample of 12023 subjects (Table 3), showed that 
almost one third (34.7%) of sample population considered normal subjects (having normal hemoglobin and 
ferritin levels). Iron deficiency anemia IDA (iron depletion with low hemoglobin) was clearly identified among 
only 18.5% of the whole sample, but iron deficiency without anemia (low ferritin and normal hemoglobin) was 
recognized in 26.2% of the population. Almost one-fifth (20.6%) of cases had high ferritin values but still 
anemic (low hemoglobin). CRP analysis showed almost similar percent (25.1%) had positive CRP value, which 
confirm the presence of inflammation. 

Table (3): Percent distribution of all population segments according to hemoglobin and ferritin 
cross tabulation 









Hemoglobin status 


Total 








Anemic 


Not-anemic 




Ferriti 
status 


Iron depleted 


(No.) 


2227 


3154 


5381 




(%) 


18.5 


26.2 


44.7 


a 


Iron not 
depleted 


(No.) 


2476 


4166 


6642 




(%) 


20.6 


34.7 


55.3 


Total 




(No.) 


4703 


7320 


12023 






(%) 


39.1 


60.9 


100.0 



On the other hand, hemoglobin/ferritin cross tabulation analysis was made for mothers (3065 subjects), 
adolescents (4823), schoolchildren (1836), preschool children (2345) and the results are demonstrated in "Fig." 
(1). IDA was identified more among mothers (25.1%), followed by adolescents (17.9%) than other groups (13.6 
and 15.1% schoolchildren and preschool children). The hidden iron deficiency expressed in terms of low ferritin 
but with normal hemoglobin found in higher percent in adolescents (29.4%) than the prevalence among other 
groups. As adolescence is a time of increased iron needs because of the expansion of blood volume and 
increases in muscle mass and iron needs are higher in adolescent girls after the onset of menstruation because of 
monthly blood loss. 




0% 20% 40% 60% 80% 100% 

Figure (l):Hemog!obin and ferritin cross tabulation among differnt 
population s egments in Egypt 
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IV. CONCLUSION 

Anemia and Iron Deficiency Anemia must always be taken into consideration as they have a clear 
impact on the patient's quality of life, and therefore they require adequate treatment and they can be the 
consequence of significant or severe diseases, so it is essential to investigate their origin. Hemoglobin and 
ferritin were chosen in this study to diagnose Anemia and Iron Deficiency Anemia. Further study is 
recommended including other important indicators as transferrin, serum transferrin receptor and serum iron for 
in-depth study of Iron Deficiency Anemia and for better management. 
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